Understanding the neurobiological bases for sex differences in alcohol dependence is needed to help guide the development of individualized therapies for alcohol abuse disorders. In the present study, alcohol-induced adaptations in (1) anxiety-like behavior, (2) patterns of c-Fos activation and (3) subcellular distribution of corticotropin releasing factor receptor in locus coeruleus (LC) neurons was investigated in male and female SpragueDawley rats that were chronically exposed to ethanol using a liquid diet. Results confirm and extend reports by others showing that chronic ethanol exposure produces an anxiogenic-like response in both male and female subjects. Ethanol-induced sex differences were observed with increased c-Fos expression in LC neurons of female ethanol-treated subjects compared to controls or male subjects. Results also reveal sex differences in the subcellular distribution of the CRFr in LC-noradrenergic neurons with female subjects exposed to ethanol exhibiting a higher frequency of plasmalemmal CRFrs. These adaptations have implications for LC neuronal activity and its neural targets across the sexes. Considering the important role of the LC in ethanol-induced activation of the hypothalamo-pituitary-adrenal (HPA) axis, the present results indicate important sex differences in feedforward regulation of the HPA axis that may render alcohol dependent females more vulnerable to subsequent stress exposure.
Introduction
Multiple lines of evidence indicate that chronic exposure to ethanol impacts stress-integrative circuitry, including activation of the hypothalamic-pituitary-adrenal (HPA) axis (Huang et al., 2010; Lovallo, 2006; Vilpoux et al., 2009) . Acute exposure to ethanol produces anxiolytic-like responses (File and Seth, 2003; Varlinskaya and Spear, 2006) and activates the HPA axis similar to physiological stress (Richardson et al., 2008) . Prolonged ethanol exposure produces an anxiogenic-like response that is accompanied by dysregulation of the HPA axis as evidenced by adrenal hypertrophy and blunted corticosterone responses (King et al., 2006) . As a stress-sensitive region that provides the major source of norepinephrine (NE) to the forebrain, the locus coeruleus (LC) has been shown to play an important role in ethanol-induced activation of the HPA axis (Selvage, 2012) . Along with catecholaminergic projections from other brainstem nuclei, LC neurons project to the primary hypothalamic regulator of HPA function, the paraventricular nucleus of the hypothalamus (PVN), where NE is released to activate corticotropin releasing factor (CRF) neurons (Dunn et al., 2004; Lee et al., 2011) , which then stimulate the HPA axis hormone cascade (Helmreich et al., 2001) .
Stress and CRF have been implicated in the neuronal dysregulation associated with ethanol withdrawal, and promoting sustained intake as well as reinstatement of ethanol seeking behavior (Breese et al., 2005; Le et al., 2000; Martin-Fardon et al., 2010) . The LC is profoundly impacted by stress and its dysregulation can increase the risks of both ethanol dependence and the potential for relapse (Morilak et al., 2005) . Intra-gastric delivery of ethanol to non-handled, freely moving rats increases LC neuronal activity, as measured by accumulation of c-Fos, a marker of recent neuronal activation, supporting the notion that acute ethanol induces activation of LC neurons (Kolodziejska-Akiyama et al., 2005; Lee et al., 2011; McClintick et al., 2013) . Additionally, administration of ethanol intracerebroventricularly normally stimulates adrenocorticotropin (ACTH) release from the PVN; however, when the LC
